Change in the redox state of glutathione regulates differentiation of tracheary elements in Zinnia cells and Arabidopsis roots.
Exogenously applied GSH and GSSG can control the in vitro differentiation of mesophyll cells to tracheary elements (TEs) in Zinnia elegans, and de novo GSH synthesis is essential for the early differentiation. The purpose of the present study is to address how GSH and GSSG control TE differentiation. GSSG transiently accumulated during the in vitro TE differentiation and exogenously applied GSSG down-regulated transcript levels of GSSG reductase (GR), an enzyme maintaining glutathione in a reduced redox state, while there were no significant changes in transcript levels of enzymes involved in GSH synthesis. Transgenic Arabidopsis overexpressing the GR gene showed delayed TE formation in the root, which was attributed to the suppression of cell division. Exogenously applied GSH had an effect similar to overexpression of the GR gene. These findings suggest that reduced states of glutathione suppress TE differentiation. In wild-type Arabidopsis, TE formation was promoted by application of GSSG at an appropriate concentration, but was suppressed at higher concentrations. A T-DNA-inserted knockout mutant of cytosolic GR exhibited delayed TE formation; this phenotype was little affected by GSSG application. Taken together, the process of the redox changes in glutathione is considered to be controlled via GR activity for TE differentiation.